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METHOD AND DEVICE FOR ELECTRON BEAM IRRADIATION 

THE FIELD OF INVENTION 

The present invention refers to a device for electron beam irradiation of at 
least one side of a web and a method of ventilating said device. 

PRIOR ART 

Within the food packaging industry it has for a long time been used 
packages formed from a web of packaging material comprising different layers of 
paper or board, liquid barriers of for example polymers and gas barriers of for 
example thin films of aluminium. In the packaging machine the web is formed into 
a tube by overlappingly sealing the longitudinal edges of the web. The tube is 
continuously filled with a product and then transversally sealed and formed into 
cush.ons. The cushions are separated and formed into for example 
parallelepiped,* containers. This technology of forming a tube from a web is well 
Known per se and will not be described in detail. 

To extend the shelf-life of the products being packed it is prior known to 
stenhse the web before the forming and filling operations. Depending on how long 
shelf-l.fe ,s des«red and whether the distribution and storage is made in chilled or 
amb.ent temperature, different levels of sterilization can be choosen. One way of 
stenl.s.ng a web is chemical sterilization using for example a bath of hydrogen 
peroxide. Another way is to irradiate the web by electrons emitted from an 
electron beam emitter. Such an emitter is disclosed in for example US-A- 
5,194,742. 

There are amongst others two important things that have to be taken into 
cons.deration when using an electron beam emitter. The first is how to maintain a 
des.red sterilization level inside the device. A device for web sterilization is 
formed with openings for the entrance and exit of the web. Unfortunately, bacteria 
and dirt particles may enter through the openings and also through 
interconnections between different portions of the device and the surrounding 
equ.pment. If these bacteria and dirt particles are left in the device they may 
recontaminate the web after it has been sterilised. 

The second consideration is how to safely discharge ozone (0 3 ) from the 
device thereby minimising the risk of ozone leakage to the outside of the device 
It .s common knowledge that the presence of oxygen molecules (0 2 ) in an 
electron irradiation device give rise to the formation of ozone during electron 
irradiation because of radical reactions. 
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SUMMARY OF THE INVENTION 

Therefore, an object of the invention has been to provide a device for 
electron beam irradiation in which both of the above mentioned considerations 
nave been taken into account and solved. 

The present invention relates to a method of ventilating a device for 
electron beam irradiation of at least one side of a web. In accordance with a first 
aspect of the invention, the method comprises the steps of: providing a first 
chamber comprising a web inlet opening and a web outlet opening, providing a 
second chamber extending inside the first chamber, the second chamber 
comprising a web inlet opening, a web outlet opening, and an electron exit 
surface through which electrons are adapted to be emitted into the second 
chamber, passing the web through the second chamber, and creating a flow of a 
gaseous fluid through both the first and second chambers in a direction opposite 
the direction of travel of the web by supplying said fluid into the web outlet 
opening of the first chamber and providing at least one outlet. By providing a flow 
o gaseous fluid through the device in a direction opposite the direction of travel 
of the web a desired level of sterilization can be maintained inside the device 
Any bacteria or dirt particles entering the device at any point will be transported 
by the flow to that end of the device where the unsterilised web enters, and there 
it will be d.scharged from the device through the outlet. The risk of 
recontamination of the sterilised web before filling and sealing operations is 
thereby minimised. Further, ozone (0 3 ) that is formed during irradiation with 
etectrons can be effectively and reliably discharged from both the first and second 
chambers by the same flow of gaseous fluid. The risk of leakage of ozone to the 
outside of the device is thereby minimised. ~ 

An additional advantage is that the flow of gaseous fluid is suitable for use 
during pre-sterilization of the device. Hydrogen peroxide can for example be 
supplied to the gaseous fluid and thereby the surfaces of both the first and 
second chambers are sterilised. 

In accordance with a second aspect of the invention, the method 
comprises the steps of: providing a first chamber comprising a web inlet opening 
and a web outlet opening, providing a second chamber extending inside the first 
chamber, the second chamber comprising a web inlet opening, a web outlet 

!JTh 9 ' ? n l an e,6Ctr0n ^ SUrfaCe thr ° U9h Which e,ectrons are adapted to be 
emitted into the second chamber, passing the web through the second chamber 

providing fluid connection between the web outlet opening of the second chamber 
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and the web outlet opening of the first chamber, preventing fluid connection 
between the first chamber and the web outlet opening of the first chamber and 
creating a flow of a gaseous fluid through both the first and second chambers in a 
direction opposite the direction of travel of the web by supplying said fluid into the 
first chamber and into the web outlet opening of the first chamber and providing 
at least one outlet. By providing a flow of gaseous fluid through the device in a 
direction opposite the direction of travel of the web a desired level of sterilization 
can be maintained inside the device and the ozone can be safely discharged 
without leakage to the outside of the device. Further, this design is advantageous 
rf it » desired to have different pressures in the respective chambers since the 
chambers are supplied by at least one gaseous fluid supply each. 

Advantageously, the method comprises the step of providing fluid 
connection between the web inlet opening of the first chamber and both the first 
chamber and the web inlet opening of the second chamber. By providing this fluid 
connection, the gaseous fluid from the first chamber can be discharged from the 
second chamber, which makes it possible to provide only one outlet 

In a preferred embodiment the method comprises the step of providing 
flu.d connection between the web outlet opening of the first chamber and both the 
first chamber and the web outlet opening of the second chamber. In this way both 
20 chambers may be easily supplied by the same gaseous fluid supply 

In an additional embodiment the web outlet opening of the second 
chamber is located at a distance from and preferably substantially in line with the 
web outtet opening of the first chamber. In this way it is not necessary to arrange 
web guides between the two chambers, and the gaseous fluid that enters through 
25 the outlet open.ng of the first chamber is easily supplied to both chambers 

Preferably, the outlet is provided in vicinity of the web inlet opening of the 
seco nd chamber. By providing the outlet in an end of the device opposite the web 
outot openmg any bacteria or dirt particles will be forced to the end of the device 
where the web has not yet been sterilised, thereby minimising the risk of 
30 recontamination once the web has been sterilised. 

viclni^r^r?^ ° Ut,et iS Pr ° Vlded ' nSlde thQ S6C0nd chamber h the 
vicinity of the web inlet opening. In this way the ozone is not likely to reach the 

first chamber, which further minimises the risk of leakage to the outside of the 

QGVIC0. 

35 In a preferred embodiment, the outlet is provided in the vicinity of the web 

«nlet opening of the first chamber. In this way the discharge can be made in a 
reliable way with minimised risk of recontamination of the sterilised web 
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Preferably, the method comprises the step of controlling the flow of 
gaseous fluid so that a first overpressure is created inside the first closed 
chamber, and a second overpressure is created inside the second chamber By 
providing overpressure in the first and second chamber, the risk of having 
bacteria and dirt particles from outside the device entering the chambers is 
minimised. Thus, the inside of the device can be kept at a desired sterilization 
level. 

In an embodiment the overpressures are chosen so that the first 
overpressure and the second overpressure are the same. In this way undesired 
transport of for example ozone or dirt particles between the two chambers is 
prevented. 

In another embodiment the overpressures are chosen so that the first 
overpressure and the second overpressure are different. For example the first 
overpressure can be higher than the second overpressure. One reason for 
choosing such is to keep the ozone within the second chamber where it can be 
immed.ately discharged. One reason for choosing the second overpressure so 
that rt is higher than the first overpressure could be to obtain a fast evacuation of 
ozone and eventual other volatile substances, that for example cause off-flavour 
from the second chamber. 

The invention also comprises a device for electron beam irradiation of at 
least one side of a web. The device comprises a first chamber comprising a web 
inlet opening and a web outlet opening, a second chamber extending inside the 
first chamber, the second chamber comprising a web inlet opening, a web outlet 
opening, and being adapted to receive an electron beam emitter provided with an 
electron exit window through which electrons are adapted to be emitted into the 
second chamber, the web being adapted to pass the second chamber, and the 
web outlet opening of the first chamber being adapted to be in communication 
with a gaseous fluid supply and both chambers being in communication with an 
outlet, the supply and the outlet are adapted to create a flow of the gaseous fluid 
through both the first and second chambers in a direction opposite the direction of 
travel of the web. As explained before, a desired level of sterilization can be 
maintained inside the device. Further, ozone that is formed during irradiation with 
electrons can be effectively and reliably discharged from both the first and second 
chambers. The risk of leakage of ozone to the outside of the device is thereby 
minimised. * 

The invention also comprises a device for electron beam irradiation of at 
least one side of a web, the device comprising a first chamber comprising a web 
.nlet opening and a web outlet opening, a second chamber extending inside the 
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first chamber, the second chamber comprising a web inlet opening, a web outlet 
opening, and being adapted to receive an electron beam emitter provided with an 
electron exit window through which electrons are adapted to be emitted into the 
second chamber, the web being adapted to pass the second chamber, a fluid 
connection is adapted to be provided between the web outlet opening of the 
second chamber and the web outlet opening of the first chamber, a fluid 
connection is adapted to be prevented between the first chamber and the web 
outlet opening of the first chamber, the web outlet opening of the first chamber 
being adapted to be in communication with a first gaseous fluid supply, the first 
chamber being adapted to be in communication with a second gaseous fluid 
supply, both chambers being in communication with an outlet, and the first and 
second supplies and the outlet are adapted to create a flow of the gaseous fluid 

tralTofthTJeb ** ""^ * direCti ° n ° PP ° Sit6 the directton of 

The invention further comprises a device for electron beam irradiation of at 
least one side of a web, the device comprising a first chamber comprising a web 
mlet opening and a web outlet opening, a second chamber extending inside the 
first chamber, the second chamber comprising a web inlet opening, a web outlet 
opening, and an electron beam emitter provided with an electron exit window 
through which electrons are to be emitted into the second chamber, the web 
being adapted to pass the second chamber, and the web outlet opening of the 
first chamber is in communication with a gaseous fluid supply and both chambers 
are ,n communication with an outlet, the supply and the outlet are adapted to 
create a flow of the gaseous fluid through both the first and second chambers in a 
25 direction opposite the direction of travel of the web. 

Moreover, the invention also comprises a device for electron beam 
«rrad.at.on of at least one side of a web, the device comprising: a first chamber 
comprising a web inlet opening and a web outlet opening, a second chamber 
extend.ng ms.de the first chamber, the second chamber comprising a web inlet 
opening, a web outlet opening, and an electron beam emitter provided with an 
electron exit window through which electrons are emitted into the second 

rZ b H'H h H r" b6ing t0 PaSS the SeCOnd Chamber ' a ^ connection 

is proved between the web outlet opening of the second chamber and the web 

oufiet opening of the first chamber, the first chamber is prevented from being in 

fluid connection with the web outlet opening of the first chamber, the web outlet 

opemng of the first chamber being in communication with a first gaseous fluid 

both'V J irSt f amber iS COmmunicat,on "ith a second gaseous fluid supp.y 
both chambers being in communication with an outlet, and the first and second 
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hTlf r? ^ 0Ut,9t ^ 3dapted t0 Cr9ate 3 f,OW of the 9 aseous f^id through 
of L web SeC ° nd Chamb8rS in 3 dlreCtl ° n ° PP0Slte th8 direCti0n of trav *' 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, a presently preferred embodiment of the invention will be 
descnbed ,n greater detail, with reference to the enclosed drawings, in which- 

F.g. 1 shows a schematic cross section of the embodiment of the device 

F.g. 2 shows a schematic view illustrating the segments of the tunnel the 
1 0 angles and the inner housing with the emitters, 

Fig. 3 shows a schematic first illustration on the relation between the 
tunnel widths, the angles and the lengths of the segments 

tunnel ^LT™ * f^™** ° n the ' r ^°n between the 

tunnel widths, the angles and the lengths of the segments, 

Fig. 5 shows a schematic cross section of an emitter enclosed in the 
device, and 

Fig. 6 shows a schematic view of the air system according to the invention 
anH St 7 t Sh0WS a sch ematic view like Fig. 1 , but shown from the other side 
and which shows an alternative embodiment. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

l^TTo Sh0Wn in R a- 1 ■ «*"P*«» inner housing 1 in which one or two 
emrtters 2,3 are mounted. A central portion of the inner housing is adapted to 
recetve the emitters. The inner housing 1 forms a tunnel and a packaging 
matenal web W is fed through the tunnel past the emitters 2,3. Further the inner 
housmg 1 Is provided with an inlet portion S and an outlet portion 6 for the 
entrance and the exit of the web. The web inlet portion 5 is designed such that 

*** d ' reC,IOn « the web W in, ° *• Portion 5 is angled in Nation to the 
outte, d,rect,on of the web W out of the inlet portion 5. The outlet direction of he 
web W out of the Inlet portion 5 is equal to the direction In which the web W 

ZZ, w T erS , 2A ^ anQle bS,We9n inlet and *• ° u,te « *«*>•, of 
me web W ,n ft. tnlet portion S is a. least 90-. The Inlet portion 5 is formed such 

mat ,t ,s angled at at least two locations. In Fig. 2 is shown that the inle, portion 5 

compnses three successive segments, an entrance segment 5a, a central 

segment 5b and an exit segment 5c. The central segment 5b forming a first angle 

tol « °? T° e S69mem 53 ^ ^ eX " Se9ment 5C formin 9 * -cond angte 0 
to the central segment 5b. Further, the relation between the tunnel widths said 

angles o, P and the tengths o, the segments 5a-c is such that an imagined st^ht 
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line hitting the tunnel wall in the entrance segment 5a also hits the tunnel wall of 
at least the exit segment 5c, before exiting the exit segment 5c, and that an 
imagined straight line passing through the entrance segment 5a hits the tunnel 
wall of the central segment 5b such that it also hits the tunnel wall of at least the 
exit segment 5c, before exiting the exit segment 5c. In Fig. 3 and 4 are illustrated 
how the design can be obtained with help of paper, a ruler and a pen. In Fig 3 a 
first worst case scenario is disclosed. A straight line is drawn beginning outside 
the entrace segment 5a and pointing substantially towards the outer corner 
between the entrance segment 5a and the central segment 5b. The line hits the 
tunnel wall in the entrance segment 5a and is drawn pointing substantially 
towards the inner corner between the central segment 5b and the exit segment 
5c. If the relation between tunnel widths, angles o,p and segment lengths is to be 
considered good enough, the straight line will be forced to hit the tunnel wall of 
the exit segment 5c before exiting the exit segment 5c. In Fig. 4 a second worst 
case scenario is disclosed. A straight line is now drawn beginning outside the 
entrace segment 5a and pointing substantially towards the inner corner close to 
the exit of the entrance segment 5a, but is hitting the tunnel wall in the central 
segment 5b. The line is then drawn substantially towards the inner corner 
between the central segment 5b and the exit segment 5c. If the relation between 
tunnel w,dths, angles a,0 and segment lengths is to be considered good enough 
the straight line will be forced to hit the tunnel wall of the exit segment 5c before ' 
exiting the exit segment 5c. Thus, it is realised that if a certain angle is used the 
parameters that can be modified are either the tunnel width or the length of the 
segment. A wide tunnel necessitates a long segment. If there is a need for a short 
segment, the tunnel width must be decreased. Another possibility is of course to 
cnange one or both of the angles. 

The change in the running direction of the web W is accomplished by 
proving the inlet portion 5 with at least one web guide. In the example the web 
guide is a first and a second roller 9, 10 mounted inside the inlet portion 5. In the 
disclosed design the web W runs substantially horizontal into the inlet portion 5 
and substantially vertically upwards when it leaves the inlet portion 5 and enters 
he ,nner housing 1. To accomplish this change in direction the rollers 9, 10 being 
formed and mutually located in such a way that the first roller 9 angles the web W 
the second angle fi and that the second roller 10 angles the web W the first angle 
a. Preferably, the rollers 9, 10 are journalled in support members. The support 
members can for example be bearings provided with an outer shielding or with a 
bearing housing designed following the same design criteria as the tunnel 
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The outlet portion 6 is similarly designed with an entrance segment 6a, a 
central segment 6b and an exit segment 6c. To change the running direction of 
the web W the outlet portion 6 comprises one or more rollers 1 1, 12. The inlet 
portion 5 and the outlet portion 6 are mounted and designed such that the web W 
runs in the same direction as it leaves the outlet portion 6 as it does as it enters 
the inlet portion 5. In the disclosed design the inlet portion 5 and the outlet portion 
6 are .dentical and mounted to two opposite faces 1a, 1b of the inner housing 1 
using the same flange on respective portion 5, 6 but turned 180° about an axis A 
extending along the centre line of the web W running through the inner housing 1 
Thus, the respective entrance segment 5a, 6a of the inlet portion 5 and the outlet 
portion 6 are adjacent the central portion of the tunnel and that the respective exit 
segment 5c, 6c of the inlet portion 5 and the outlet portion 6 are directed away 
from each other. 

An outer housing 4 surrounds the inner housing 1 and the outer housing 4 
is provided with openings forming an inlet 7 and an outlet 8 for the entrance and 
the exit of the web W. 

The emitters 2, 3 transmit an electron beam out through the exit windows 
21,31. One side of the web W is irradiated by the first emitter 2 and the other 
side is irradiated by the second emitter 3. For this purpose the second electron 
beam emitter 3 is positioned substantially opposite the first emitter 2 and the 
electron exit window 31 of the second emitter 3 is positioned substantially 
opposite the first electron exit window 21 . Below only one emitter 2 will be 
described in more detail. In accordance with the disclosed design, shown in Fig 5 
the emitter 2 generally comprises a vacuum chamber 22 in which a filament 23 
and a cage 24 is provided. The filament 23 is made of tungsten. When an 
electrical current is fed through the filament 23, the electrical resistance of the 
filament 23 causes the filament 23 to be heated to a temperature in the order of 
2000°C. This heating causes the filament 23 to emit a cloud of electrons A cage 
24 provided with a number of openings surrounds the filament 23. The cage 24 
serves as a Faraday cage and help to distribute the electrons in a controlled 
manner. The electrons are accelerated by a voltage between the cage 24 and the 
exit window 21 . The emitters used are generally denoted low voltage electron 
beam emitters, which emitters normally have a voltage below 300 kV In the 
d.sclosed design the accelerating voltage is in the order of 70-85 kV. This voltage 
results in a kinetic (motive) energy of 70-85 keV in respect of each electron The 
electron exit window is substantially planar and provided substantially in parallel! 
with the web. Further, the exit window 21 is made of a metallic foil and has a 
thickness in the order of 6 urn. A supporting net formed of aluminium supports the 
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exit window 21. An emitter of this kind is described in more detail in US-B1- 
6,407,492. In US-A-5,637,953 is another emitter disclosed. This emitter generally 
comprises a vacuum chamber with an exit window, wherein a filament and two 
focusing plates are provided within the vacuum chamber. In US-A-4,91 0,435 is 
yet another emitter disclosed, wherein the electrons are emitted by secondary 
em.ttance from a material bombarded by ions. Reference is made to the above 
patents for a more detailed description of these different emitters. It is 
contemplated that these emitters and other emitters can be used in the described 
system. 

As long as the electrons are within the vacuum chamber, they travel along 
lines defined by the voltage supplied to the cage 24 and the window, but as soon 
as they exit the emitter through the emitter window they start to move in more or 
less .rregular paths (scatter). The electrons are slowed down as they collide with 
amongst others air molecules, bacteria, the web and the walls of the housing 
This decrease of the speed of the electrons, i.e. a loss in kinetic energy, gives 
rise to the emission of X-rays (roentgen rays) in all directions. The X-rays 
propagate along straight lines. When such an X-ray hits the inner wall of the 
housing, the X-ray enters a certain distance into the material and causes 
omittance of new X-rays in all directions from the point of entrance of the first X- 
ray. Every time an X-ray hits the wall of the housing and gives rise to a secondary 
X-ray, the energy is about 700-1000 times less, dependent upon the choice of 
material for the housing. Stainless steel has a reduction ratio of about 800 i e 
the energy of a secondary X-ray is reduced about 800 times in relation to the 
primary X-ray. Lead is a material often being considered when radiation is 
involved. Lead has a lower reduction ratio, but has on the other hand a higher 
resistance against transmission of the X-rays through the material If the 
electrons are accelerated by a voitage of about 80kV, they are each given a 
kinetic energy of about SOkeV. In order to secure that the X-rays of this energy 
level do not pass through the inner housing 1 , the inner housing 1 is made of 
stainless steal having a thickness of 22 mm. This thickness is calculated for X- 
rays travelling perpendicular to the wall. An X-ray travelling inclined in relation to 
the wall will experience a longer distance in the wall to reach the same depth i e 
the wall will appear thicker. The wall thickness is determined by the governmental 
regulations concerning amount of radiation outside the housing. Today the 
limiting value that the radiation must be less than is 0,1//Sv/h measured at a 
d,stance of 0,1 m form any accessible surface, i.e outside shielding. It should be 
noted that the choice of material and the dimensions are influenced by the 
regulations presently applicable and that new regulations might alter the choice of 
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matenal or the dimensions. The energy of eaoh electron (SOkeV) and the number 
results n a total energy transfer to the surface to be sterilized. This radiation 
ZITTT "* "* Gray «*»• — ° f *• — ■»» emitted! 

' utebtet a use V : (WKh a , fi ' f T m ^ Faraday » te * — ^ 
de^H . °' ab ° U ' 1 7mA lhrou 9 h ,he «™-* This is however 

Seed nT T" l6Vel d9Cided a " d *« area - *° 

■Mmd. In the present example it is contemplated to sterilise a web with a width 

of 400 mm travelling with a speed of 35 m/s pas. the emitter. This wlllZ a 

wid * Zm Z ,h :° rd9r ° f 35W3y °" aVera9e - " exampl^the web 
X n^s Z oh L^h SPeed *~ * he Web iS ,raVe » in 9 wi4h * '~"«o 

In the following the gaseous fluid system of the device will be described m 
h,s embodiment the fluid is air, but i, can of course be any gaseous fluTeu^! 
for the field of application in which the device Is used 

The air system 100 of the" machine, shown in Fig. 6, comprises a 
compressor 101 and a water separator 102 from which pressZd^s 

helZT ^ * IS SUPP ' ied l ° 3 hea ' eXhan 3* r 103 «** the air pre- 
heated to about 100°C. From the heat exhanger 1 03, the air is fed to a 

~ M in , Whfch *° * «• "-ted to a temperature v^tte range 330- 
450 C. At temperatures above 330°C any bacteria in the air is kiltari ThT™ 
rate is dependent upon the temperature and the time ne o^eda l^ubie Z 
o said temperature. The air from the superheater 1 04 is re uted ,o «i h^ 
exhanger 103 for achieving the above-described ore-heatinr, nf ml 

W out of the tower 1 05 through an outlet opening 108. In the tower 1 05 "he web 

lb ThTf h ' nt ° 3 ,Ub6 ^ ° VerlaPPin9ly Seali " 9 ,he ed^oMhT 
Til ? ! ~n«nuousV Ailed with a product via a product pipe 109 
axtend, ng , nt0 ,he lube from the end where the web W has not ye been 
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opening 1 08 with a given clearance in respect of the tube being fed out through 
*e opentng 108. The tube is transversa,!/ sealed and formed into cushions 
which are separated and formed into paralleleplpedic containers. Again this 
technology ,s well known per se and will not be described in detail. A significant 
pomon of the air supplied to the tower 105 flows in the tower 105 in a flon 
opposite me direction of travel of fl,e web W. The tower 1 05 is provided a 

TsiZV 3 11 h T 9 38 an air °* 1 openlna 1 1 °- ^ f ™ 

105 ,s fed to a second chamber 1 1 1 formed of the inner housing 1 

In the following the area marked with dashed lines in Fig. 6 will be 

floT Hh TT " neS rePreSen ' *" 0 a " erna,ive sediments of the air 
flow into the M and second chamber In a first embodiment the lines are 

ooeZl «"? r reSen,S 3 ° l0S9d 0 " lcati °" *«% between a web ouflet 
open ng 1 12 of the second chamber 1 1 1 and a web outlet opening 121 also 

oltlnf h ' ^ ** Ch3mber 1 ° 7 ' 3 Se0 ° nd -^'~e Z are 
not present and represents an open communication between both the first and 
second chambers 107, 1 1 1 and the web outlet opening 121 of the first cumber 

ln tne •* embodiment there is provided a fluid connection between a web 
ouflet openrng 1 12 of the second chamber 1 1 1 and a web outlet opening "21 of 
mete chamber 1 07. Thus, the air is fed into the second chamber 1 1 1 
web outlet open,ng 1 ,2 acting as an airflow inle, opening 1 12. The tower 1 05 
acting as a first air supply. If the web outlet opening 112 of the second chamber 

II? ? 8 diStanCe ,r0m and Preferabl * sut ~'* i« ■» wflh ^web 

outlet opemng 121 of the first chamber 107, me fluid connection can for exaZe 

ompnse a p,pe that connects the web oulie. opening 1 12 o. the second er 

11 1 wflh the web outlet opening 121 of the first chamber 107. Alternative^ 

web outlet opening 1 12 of me second chamber 1 1 1 extends to the £ oufllt 

chamber 107 and the web outlet opening 121 of the first chamber 107 is therebv 
prevented As been earlier described, the change-over valve 1 06 is acflng Talr 
supply 106 for me first chamber 107. 9 

<*,»J" h ,T ^ emb0dimem bom ,he chamber 107 and me second 
chamber 1 1 1 are ,n fluid connection with me web outlet opening 121 of the first 
hamber 107, thus bom chambers 107, 1 1 1 being in connection with ml air 
supply ,n the tower 105. In addition, me first chamber 107 is being in contact with 
valve 1 06 for additional supply of air. 

In bom embodiments me air in the second chamber 1 1 1 flows in a 
d,rect,on opposite the direction of travel of the web W through the second 



15 



WO 2004/110869 

PCT/SE2004/000894 

12 

chamber 1 11 . After passage almost completely through the second chamber 1 1 1 
he a r ,s fed via a discharge outlet 1 1 3 for ultimate disposal of the air. Similarly 
the a ,r provided to the first chamber 107 flows in a direction opposite the d Son 
of travel of the web W. The air from the first chamber 1 07 and the second 
5 ^ber1li i sdischargedviatheoutlet1l3.Thus,bothchambers107 111 

chTmTerTotr ^ *" ^ A Sma " am ° Urt ° f the air S ~ to 
chamber 1 07 escapes v,a a web inlet opening 115, also denoted inlet 7 The 

amount escaping is dependent of the shape of the gap and the sealing used This 
-n turn depend amongst others upon if the web is supplied with pre-applied 
10 opening devices or not. w 

The discharge outlet 1 13 is located close to the web Inlet opening 1 14 of 

Z^TT*' ™- 1 ' ,heOU,te, 113 iS l0oated ■"-*•» sold 
chamber 1 1 1 . For example the outlet 1 1 3 can be located in the vicinity of the web 

1 mlrr ^ ^ Chamber ™- — 113 is discharg ng 
almost all the a,r from the second chamber 1 1 1 and most of the air from the firs, 

m IT Y!T? Pr ° Vid9d 3 " Uid °™ on betWeS " ,ha «* * oP-Tng 
1 15 of the firs, chamber 107 and both the first chamber 107 and the web Intel 

F r;i i : 4 :v?:, second ° hambar m * - — ~*o*S£L m 

the I™ h k 0OmPriSeS *"° bfanCheS 1 1 *• 1 13b fluid Election with 
he second chamber , 1 , . With reference to the figure, fhe first outlet branch 1 3a 
s l ocate d ,n the top of the chamber wall in the vicinity o, the web inle. opening 

he 7 amber 1 1 1 ' ^ *• Se °° nd ou,tet braTOh 1 1* - 'seated in 
the bottom wall opposite the first. 

, ra . J" 6 ^ thS SyS ' em iS COn,rolled so »">* a '"*« overpressure is 
created inside the first chamber 107. In the described embodiment the pressure 
* in the order o, 30 mm H*>. Further, a second overpressure is created nsWe 
*e second chamber , „ . The overpressures can for example be choosen so mat 
*e ftra overpressure and me second overpressu re are the same. Alternately 
the overpressures are choosen so that the firs, overpressure and the second 

p°Zr Ur : are " ^ fm PreSSUre Ca " te tha " 

szrr r versa - one reason ** ° h °° sin9 ,he *« ™~re so M ,-, 

s fugher than the second overpressure is to keep ozone (0 3 ), formed durtna 

irradiation within the second chamber 1 , , where I, can be immediacy 

discharged through the outlet 1 13. Further, a lower second overpressure helps 

unng pre-sterilizatlon o, the device a, for example start-up o, the maZ By 
hav ng a lower pressure ,„ , he V 

n*:7 ~ T 6 :^™ 96 " PSroXide " Sed dUri "9 ,ha '" reed 

inside the second chamber. The pre-sterilization will be explained in more detail 
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below One reason for choosing the second overpressure so that it is hioher than 
.he fits, overpressure could be to obtain a fas. evacuation of o 2 one a^d eventtT 

Inside the inner housing 1 , i.e. around the emitters 2,3, is provided a 
pressure ma, is preferably iower than the pressure inside the seZ hamber 
111. One reason for choosing a pressure lower than the pressure inside the 

ZZ£7T 1 1 1 ' S ,0 mi " imiSe ^ riSk °' ~n,ina,ion o, the wefa W by 
contaminated a,r contained in the inner housing 1 . Since no certain pressure is 
necessary forme emitters 2, 3 used in this particular embodiments in 
.he unner hous,ng 1 can be atmospheric pressure. However, i, should be 

erru°r ,,heinnerhou8,n91 ^^^^^ 

called IT?"*" 107 ' ,he air ~ 100 is provided with a so- 

«1 * .T ™ S ZSr0 P 0 " 1 ' 1 16 ,s a devlce "aking sure that if 
ZT k 9 *" SyStSm ' ^ aif to avoW a P<~ betow the 

T a TZZTZ* W "' te ,n, ° ^ SyS,em ^ ,hS Zer ° 1 1 6 ^ way 
it is secured that the pressure inside the tower 105, the first chamber 1 m ^ Z 

second chamber 1 1 1 at teas, not will d TO p below the atn^C™ C 
zero point 116 generally comprises a housing with an inle, 117 la Z2ui 8 
and an opening 119 being ciosed by a valve 120. Any pressure above the 
amosphenc pressure pushes .he valve ou^ards seaiingly closing" opening 
119. If the pressure inside the zero point 116 drops below the atmospheric^ 
pressure the valve 120 will no, be pushed agains, ,he opening 1 ™ Z TZ 
contrary ,, wil, be pushed inwards into me zero poin, 116 and air «nTe 
introduced into the system via the opening 119). 

During for example start-up of the machine, the air system 100 o»„ k= 
used for sterilizing me surfaces inside of ,ower 105 and mfc ambers 107 U 1 

fHoT T?T ^ W - ^ Ster " i2a,l0n is mada wi <" hydrogen peZde 

aescnbed in the following with regard to the air system 100 The tnw«r m«= • ■ 
connection .with a hydrogen peroxide supply, which " 

S uf D f!i t n 022 ' eS feed hydr ° 9en Per0)<ide ,ha aa ^ray and me lir 
supp ed ,n me tower is heated ,o a .emperattire a, which ,he hydrogen pTI de 
vapounses, normally a temperature in the order of 40-50°C The hvdron^, 
peroxide contained air flows through the tower and me Z^rXl 11, .k 
earlier described direction and is discharged a, the Aiono" 
me way ,he hydrogen peroxide condenses on the surface^Thatd oge n ' 
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peroxide is then removed from the surfaces by supplying air of a temperature at 
or above the hydrogen peroxide vapourisation temperature. In this embodiment a 
temperature in the order of 70-90°C is used. By providing a temperture well 
above the vaporisation temperature the hydrogen peroxide is effectively and 
quickly removed from the surfaces. 

In accordance with the method for electron beam irradiation of a web W 
the web W is provided to pass through the tunnel. The tunnel is being provided 
wrth a web inlet portion 5, a web outlet portion 6 and a central portion adapted to 
receive an electron beam emitter 2, 3 provided with an electron exit window 21 
31 Electrons are emitted into the tunnel from the emitter 2,3 through the electron 
exit window 21,31, and any X-ray being formed by the electrons during 
irradiation of the web W is forced to hit the tunnel wall twice before exiting the 
unnel. To accomplish at least two hits the tunnel is being formed angled at at 
least two locations in each of the inlet and outlet portions 5,6. 

Further, the method comprises forming the inlet portion 5 so that it 
comprises a line of three sucsessive segments, an entrance segment 5a a 
central segment 5b and an exit segment 5c. The central segment 5b is made so 
that ,t forms a first angle a to the entrance segment 5a. Furthermore, the exit 
segment 5c forms a second angle 0 to the central segment 5b. The outlet portion 
6 is similarity designed. 

A relation between the tunnel widths, said angles o,0 and the lengths of 
the segments 5a-c is formed so that an imagined straight line hitting the tunnel 
wall ,n the entrance segment 5a is also hitting the tunnel wall of at least the exit 
segment . 5c, before exiting the exit segment 5c, and that an imagined straight line 
passing through the entrance segment 5a is hitting the tunnel wall of the centra, 
segment 5b such that it is also hitting the tunnel wall of at least the exit segment 
5c, before exiting the exit segment 5c. 

th« ri 11 18 k "° Wr 7 hat dur,n 9 irradjation w "h electrons ozone (0 3 ) is formed inside 
the device. Therefore, the invention also comprises a method of ventilating the 
dev,ce. The method comprises the step of providing a first chamber 107 
comprising a web inlet opening 1 15 and a web outlet opening 121 The first 
chamber 1 07 being the outer housing 4. A second chamber 111, being the 
tunnel, is also provided and extends inside the first chamber 107. The second 
chamber 1 1 1 is formed comprising a web inlet opening 1 1 4 and a web outlet 
open.ng 112. Further, an electron exit window 21 , 31 is provided through which 
electrons are adapted to be emitted into the second chamber 111. The web W is 
pass.ng through the second chamber 1 1 1 , and a flow of air through both the first 
and second chambers 1 07, 1 1 1 is created. The air flow flows in a direct^ 
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opposite the direction of travel of the web W. The air is supplied into the web 
outlet opening 121 of the first chamber 107 and there is provided at least one 

OUIIErl 1 J O. 

In an alternative method fluid connection is being provided between the 
web ouflet opening 121 of the second chamber 1 1 1 and the web outlet opening 

2 1 , IT ° hamber 1 07 ■ M <he time fluid oonnec,ion the first 

chamber 107 and the web outlet opening 121 of the first chamber 107 is 

prevented. A flow of air through both the first and second chambers 1 07, 1 1 1 in a 
dtrecbon opposite the direction of travel of the web W can then be created by 
supplying said air into the first chamber 107 and into the web outlet opening 121 
of the ftrst chamber 107 and providing at least one outlet 1 13. Air is supplied to 
the tat chamber 107 through a valve 106 being in fluid connection with the first 
cnamber 1 07, 

According to the method the web W is thus entering the device through the 
web ,n.et opening 1 15 of the first chamber 107 and enters the second chamber 

h J ° Penin9 1 M - B ° th ° PGningS 1 15 ' 1 14 are ,ocate d such that 

the web W .s kept straight, substantially horizontal when passing them. Inside the 
mle portion 5 the web W is angled the second angle p at the first roller 9 and 
angled the first angle a at the second roller 10. During travelling, the web W 
meets an airflow flowing in a direction opposite the web W. When the web W 
passes the central portion of the tunnel, now travelling in a vertical direction it 
passes electron exit windows 21 , 31 through which the web W is irradiated by 
emitters 2 3. The electron exit windows 21 , 31 are located on opposite sides of 
the tunnel thereby irradiating both sides of the web W. After the irradiation the 
web W enters into the outlet portion 6 in which it is angled twice like in the inlet 
port,on 5. Finally, it is exiting the device through the web outlet opening 1 12 of the 
second chamber 1 1 1 , and then through the web outlet opening 121 of the first 
chamber 107, thereby entering the tower 105. 

Although the present invention has been described with respect to a 
presently preferred embodiment, it is to be understood that various modifications 
and changes may be made without departing from the object and scope of the 
invention as defined in the appended claims. 

Wra* 7^ T embodiment com P rises two emitters 2,3, one for electron 
•radiator, o one side of the web W and the other for electron irradiation of the 
other side of the web W. However, it is to be understood that the device does not 
need to compr.se two emitters 2,3, but can comprise only one emitter. Further it 
has been described that the two emitters 2,3 are located opposite each other ' 
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Alternatively they can be located at a distance from each other In the web 
direction. 

Moreover, it is also to be understood that the number of emitters can be 
more than two. It is for example possible to have several emitters side by side to 
handle wide webs. It is also possible to have two or more emitters located after 
each other along the direction of the web to form either subsequent sterilizing 
zones which together provide the decided radiation level, or as measure of 
selective radiation of a certain point, for example a closure device, that may need 
a higher radiation level. 

Further, it should be understood that the location of the outlet 1 13 can be 
modified. In the above-described emodiment the outlet 1 13 is located inside the 
second chamber 111. Alternatively the outlet 1 1 3 can for example be located in 
vicinity of the web inlet opening 1 14 of the second chamber 1 1 1 or in the vicinity 
of the web inlet opening 1 15 of the first chamber 107. It is also possible to locate 
the outlet 1 1 3 outside, near the inlet opening 1 1 5, of the first chamber 1 07 

Moreover, in the above-described embodiment the outlet 1 1 3 is located 
inside the second chamber 1 1 1 and the first chamber 1 07 is in fluid connection 
with the second chamber 1 1 1. In an alternative embodiment the web inlet 
opening 1 14 of the second chamber 1 1 1 is in fluid connection with the web inlet 
opening 1 15 of the first chamber 1 07, while fluid connection between the first 
chamber 107, its web inlet opening 1 15 and the web inlet opening 1 14 of the 
second chamber 1 1 1 is prevented. The two chambers 1 07, 1 1 1 will then be in 
communication with separate outlets. At least one outlet can be located in the first 
chamber 107 and at least one outlet can be located in the second chamber 1 1 1 
or in fluid connection with the second chamber 111. 

Further, the air system described using hydrogen peroxide is preferably 
used I in aseptic fields of application. In a corresponding air system in a packaging 
machine used for handling pasteurized products the air flows are similar 
although the machine sterilization is usually made by using filtered air. Instead of 
the above described system, the system can then comprise a filter and a fan To 
evacuate ozone from the chambers during operation, the system can be provided 
with a catalytic converter. 

Moreover, in the embodiment shown the web inlet opening 1 14 of the 
second chamber 1 1 1 is located at a distance from and preferably in line with the 
web in , et opening 1 15 of the first chamber 107. Alternatively, the second chamber 
11 1 can extend all the way up to the web inlet opening 1 15 of the first chamber 
thereby preventing fluid connection between the first chamber 107 and the web 
-nlet opening 1 1 5. The wall of the second chamber 1 1 1 is then instead provided 
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with throughgoing openings, preferably slits, at a distance from the web inlet 
opening, but before the outlet 1 13. Fluid connection between the two chambers i: 
thereby provided and the arrangement give rise to a so called injector effect 
making air flow from the first chamber through the slits into the second chamber 
where rt can be evacuated through the outlet 1 13. A small amount of air is also 
sucked from outside the housings through the web inlet opening 1 15 



